Abstract-The increasing number of vehicles nowadays makes it hard to manage traffic flow on the streets, especially when it comes to intersection management. This paper proposes the use of dashboard traffic lights (DTL), an intelligent traffic light system based on client-server communication that will use V2I (Vehicle-to-Intersection) network scheme to send request messages from moving vehicles to the intersection station that will analyze the request message and send back the decision message based on the intersection status. The average waiting time and the number of vehicles stopping at the intersection is significantly reduced.
I. INTRODUCTION
The development of vehicle industry led to a massive growth in the number of vehicles that are sometimes more than what the existing road traffic network can handle. Many efforts have been made to solve this issue such as expanding roads by adding more lanes or building multi-level streets as can be seen nowadays in most of the big cities. The growing number of vehicles on streets increased the pollution because of vehicles emission. To reduce the pollution, vehicles must travel on roads for less time with less stops. One of the most critical issues in managing the road traffic networks is the management of road intersections; the most widely spread solution to this issue is the use of traffic lights. The first scheme to be used was totally fixed and based on pre-defined rules, which makes it not practical for intersections that have vehicles flowing in one direction more than the other.
One solution employed to avoid this problem is the use of adaptive traffic lights, as in [4] [5] , that adjust red and green time intervals based on the flow of vehicles, by assigning longer green time for the direction with heavier traffic. The problem here is that vehicles that are flowing from a direction with lower traffic may experience longer waiting time in order for the vehicles in the heavy loaded direction to pass smoothly.
Other researches solved the problem by applying an intelligent traffic control system, as in [1] [2] , that uses artificial intelligence algorithms to give the red and green light's decisions to vehicles, ensuring fair traffic flow between all the directions, or by using fully autonomous traffic systems, in which, vehicles are flowing according to intelligent algorithm. This paper proposes the use of Dashboard Traffic Lights (DTL). A system that is installed into each vehicle, instead of using the regular traffic lights that are installed at each intersection. The DTL system consists of an intersection control station installed at the intersection, and DTL device installed at each vehicle. The two components uses V2I network to communicate with each other. The DTL sends request message to the intersection control station containing information about the vehicle position, speed, direction …etc. The control station replies with the suitable decision for the vehicle based on the vehicle information and the intersection status.
This paper focuses on the use of DTL with humancontrolled vehicles. The decision in this case is shown on the dashboard. By using the DTL device, the driver can do the necessary arrangements to pass the intersection at a given time.
In the next section of this paper, some of the related works are discussed and compared to the proposed scheme. In section 3, a detailed view of the proposed system and simulation environment is shown and described. In section 4, simulation parameters and results are shown and compared to the pre-timed traffic light environment. Finally, section 5 concludes the paper.
II. RELATED WORK
The increasing number of vehicles on the road networks led to congestions and increasing complexity to manage the vehicles' flow especially through intersections. Many research works have been conducted in the area of traffic lights control systems. Researchers such as [5] suggested the use of adaptive traffic light systems that adapts their timings according to the traffic flow information gathered from vehicles' ad-hoc networks. Other researchers suggested the use of intelligent traffic systems that base their decisions on the observations and updated data from the vehicles or sensors on the street.
In Cheng Hu's work [1] , a road cross is described in terms of lanes and directions, and a set of all the possible states that can occur on the intersection is defined -each state is consisting of two lanes on which vehicles can get along in the intersection safely. The system computes the weight of each state based on the number of vehicles -gathered with the aid of sensors installed on the side of the road -flowing on the lanes of the corresponding states, and then gives green lights for vehicles on the combined lanes' state that has the highest weight. This solution reduced the average waiting time on an intersection. The problem with this strategy is that some vehicles may have to wait for a long time due to driving on a lane with a low weight.
In Chavan's work [2] , the use of sensor networks was proposed to aid the decision of the traffic lights along with microcontrollers. The paper suggested that the sensors to be installed on the roads before every traffic light signal to count the number of vehicles flowing in a direction. Data collected by all the sensors is sent as input signals to the programmed microcontroller installed at each intersection, which in turn makes the decision based on the vehicles' load on each direction in the intersection. The paper also suggested the use of GSM cell phone interface for users who wish to receive information about the latest congested position to avoid passing through these congested roads and choose an alternative way. In Gradinescu's work [3] , vehicle-to-vehicle communication technology is deployed to collect updated information about vehicle flow on streets. These information in turn are collected by intersection control stations that are installed on each intersection. Decision is made based on the collected data that makes sure to allow lanes with heavier traffic load to pass. This in turn may lead to some vehicles waiting for longer time than others, due to their existence on lighter load lanes.
This paper alleviates the use of intelligent traffic systems by proposing the use of DTL and the deployment of the V2I network scheme, in which the red and green time for each vehicle will be calculated separately and decisions are made for each vehicle separately. In this scheme the waiting time for vehicles is very low -zero or close to zero, and the average waiting time for the intersection is very low, compared to the traditional pre-timed traffic lights systems. Moreover, the percentage of the vehicles stopping at the intersection, and the longest waiting time required at the intersection are showing better values with the use of the proposed scheme.
III. SYSTEM AND DESIGN
In this paper, the proposed system replaces the traffic light signals with an intersection control station that communicates with vehicles approaching the intersection through the V2I network. Simulation environment for this system consists of a typical road cross connecting four roads, each road consists of four lanes (2 incoming, and 2 outgoing lanes). The following sections describe simulation environment and system modules.
A. Simulation environment
For system simulation, a typical road cross connecting four roads is used. Each road consists of four lanes -2 incoming and 2 outgoing lanes -with 3 meters of width each. Outgoing lanes are numbered as shown in Figure 1 ; where vehicles on odd numbered lanes are flowing into the left direction of each road, while vehicles on even numbered lanes are flowing straight or turn right at the intersection. One intersection control station is installed at the intersection instead of using four traffic light signals, as it is the case with traditional pretimed traffic light systems. 
B. Vehicle DTL Device
In this system, every moving vehicle is assumed to be equipped with a DTL device. The DTL device consists of a communication component to send/receive messages to/from the intersection control station, and a display component to be placed on the dashboard. The display component can be configured to show signals in various ways. Here, it has been configured to exhibit the signal color along with the counting down timer in seconds, which represents the given time for the current signal color before it changes. For the display component shown in Figure 2 , the red light signal will be ON for 7 seconds then it will go off. The green light will be ON directly after the red light being OFF, it will countdown for 5 seconds.
Figure 2: Display Component
The communication component connect to the intersection control station when the vehicle enters the communication range of intersection control station and to issue a request message to the intersection control station as soon as the vehicle side is connected to the intersection control station in order to reserve a time slot at the intersection to pass safely. A request message contains:
• A vehicle ID, A unique systemwide ID • Lane ID, as specified in Figure 1; • The current vehicle location at the time of request; • The speed of the vehicle • Direction, as S (go straight), L (turn left), R (turn right) • Timestamp, both intersection control station and vehicle DTL assumed to be synchronized with the global clock. Vehicle system awaits for response from the intersection control station, the vehicle expected one of two responses; the first response is the green light decision, which contains:
• Green, indicating that the driver can proceed through the intersection; • Countdown value; indicating the decision duration. The second expected response is the red light decision, which contains:
• Red, indicating that the intersection is not clear to be passed by the vehicle at the current time; • First countdown value, indicating the period that the vehicle has to wait at the intersection; • A second countdown value, indicating the duration through which the vehicle is safe to pass the intersection. After passing the intersection, the vehicle system informs the intersection control station with an exit message containing the lane on which the vehicle was travelling. Figure  3 shows example of messages that the vehicle system has to deal with.
Figure 3: Messages

C. Intersection control station
The intersection control station is the decision maker of the system. As shown in Figure 1 , an intersection control station is installed at the intersection to communicate with the vehicles approaching the intersection. This system keeps track of the vehicles trying to pass through the intersection by storing information about the number of vehicles at each lane in the intersection, and the required time for each lane at the intersection to be clear. Intersection control station receives requests from all the vehicles approaching the intersection. The system calculates the required time for the vehicle to pass the intersection then compares it with the status of the intersection. Algorithm 1 shows the system behavior after receiving the request message. Once the light is green, the vehicle has a maximum of 4 seconds to pass the intersection.
The system keeps records about the requesting vehicle until it passes the intersection. The vehicle then sends an exit message specifying the lane where that vehicle was. The system changes its records accordingly by updating the number of vehicles on the given lane.
When calculating required time (T) for vehicles to pass, the system takes into consideration the direction of the traveling vehicle and the deceleration of vehicles that tend to turn right or left into the intersection as shown in equation (1) . For this study purposes, this paper suggests that vehicles turning left into the intersection reduce their speed by 10 Kph as shown in equation (2), and vehicles turning right reduce their speed by 15 Kph as shown in equation (3) . Vehicles that tend to go straight on the intersection keep their speed without changes unless they have to stop at the intersection due to long red signal time.
The required distance to pass the intersection (D) differs according to the direction of the turning vehicle; for this study purposes, the distances are assumed to be as follows: 4 meters for vehicles turning right, 10 meters for vehicles turning left, and 12 meters for vehicles travelling straight through the intersection. Where DS represents the decelerated speed.
IV. SIMULATION AND RESULTS
Further analysis are made to demonstrate the efficiency of the proposed system.
A. Simulation
A simulation code was written for both the proposed system and the pre-timed traffic system using python programming language to simulate the study cases. The analysis considers three parameters for the DTL and compares them to the regular pre-timed traffic systems. The three parameters are the average waiting time of vehicles at the intersection (the difference between the ideal time for the vehicle to pass the intersection and the actual time that the vehicle takes to pass the intersection), the number of vehicles stopping at the intersection, and the longest waiting time of vehicles passing through the intersection. For study purposes, the vehicles are assumed to be flowing with a time difference between each vehicle and the next according to the Poisson distribution function. The vehicles flowing in each direction are weighted as follows: 60% of the vehicles are flowing straight through the intersection, 20% of the vehicles are taking the right turn through the intersection, and 20% of the vehicles are turning left through the intersection. The study considers different flowing scenarios, which starts from very low traffic flow (five vehicles per minute) up to very high traffic flow (90 vehicles per minute). The pre-timed traffic signal is designed to be working according to the following:
• Vehicles waiting at two opposite direction odd lanes This study also considers a vehicles' speed range of (30 to 65 Kph). The distance to issue the request from the vehicle to the intersection control station is considered to be (200 meters) which is a reasonable distance to avoid message losing due to long delay time, and will give enough time to resend the request in case of message losing.
To get better reliable measurements, the results were taken as the average of three repeated tests for every test scenario, with ten minutes of running period for every test.
B. Results
The outcome of the simulation shows promising results for the proposed system.
As shown in Figure 4 , the average waiting time at the intersection shows a significant enhancement for the proposed system over the traditional pre-timed traffic system. The waiting time for the cases of light traffic flow (5, 10 cars per minute) is very low -less than one second -compared to the traditional scheme in which the average waiting time is almost 60 seconds. The proposed system shows higher average waiting time with the heavier traffic flow values; the values are going up to almost 10 seconds for the proposed system, while it reaches over 70 seconds for the traditional traffic system.
Figure 4: Average Waiting Time
Another advantage of using the proposed system is the reasonable waiting time at the intersection, which is not the case with the pre-timed traffic system. As shown in Figure  5 , the highest value for the waiting time given a heavy traffic flow is around 25 seconds, which is very reasonable compared to a value of 315 seconds with the use of the traditional system. The light traffic flow values spans from 2 to 12 seconds which is very low compared to the values of 177 seconds for the traditional system. Figure 6 , the percentage of stopping cars is reduced to the half for the case of light traffic flow, while it is almost the same for the case of heavy traffic flow. The reason behind this behavior is the fact that vehicles do not need to stop at empty intersections using the proposed system, while it is not the case for the traditional pre-timed scheme.
Figure 6: Percentage of Stopping Vehicles
The proposed system shows significant performance results compared to the traditional traffic systems given the notable reduction in the average waiting time of vehicles at the intersection, and the reduction of the stopping vehicles.
V. CONCLUSION
The paper suggests the use of an intelligent traffic system that depends on the use of Dashboard Traffic Lights with the aid of V2I network technology to enhance the existing traffic systems. Several simulation scenarios were conducted to show the benefits of using this technique. Simulation results shows significant reduction in the average waiting time at intersections. The number of stopping vehicles at the intersection shows good improvement using the proposed system, which reduces the fuel consumption and the pollution resulted by the CO 2 from the moving vehicles.
